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Computer-Aided Design

I-Geometny: Models: . -1
2-Analysis Models: . ~7
3-Sensitivity Analysis. . =5

4-Optimization IDesign. . ~
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Geometny Models: Adigl) = aladll
Approximate Geometry: Al dnigl)
1-Bezier Model. Bezier z2 -1
2-B-Spline Model. B-Spline 25« -2
3-NURBS Model. NURBS ¢33 -3



Computer-Aided Design

Bezier Viodel: :Bezier g2 s«

Bezier curve are polynomial
curves expressed 1n terms of
Bernstien Polynomails.this model
i1s introduced by paul Bezier.(an
engineer at Renault)

Glisie de gaae Bezier Saie Al
. Bernstien gl s lgie

Principle Form:

Bézier basis functions or
Bernstein polynomials :
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POP1, P1P2, ..., Pn-1Pn, called , Joining in this order form a
or
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The important propertics: ot Beziet Cutves
|- The degree off a Bezier curve defined by n 1" control pomisiisia.

2- C() passes through POrand P
3- Non-negativity , All basis [unctions arcinon-negative..
4- Partition of Unity:, The sum ofi the basis functions at a fixed tris 1.

5- Convex Hull Property .

6- Changing the pesition off a control point causes, the shape off a Bezicr: curve to chiange

glebally.
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IDe Casicljaus algoribm::

De Casteljau’s algorithm is used to find a point on Bezier
curve according to u , furthermore to subdivide Bezier curve.
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Sundiviainofa BEZIEF CUIVES

the resulting Bézier curves must be of degree n
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Joining Two Bézier Curves with C1-Continuity:
Continuity Issues:

1-  Two curves are CO continuous at the joining point if f(b) = g(m) .

2- Two curves are C1 continuous at the joining point if the speed (i.e., first

derivative) does not change when crossing one curve to the other.

3- two curves are C2 continuous at the joining point if, in addition to the

speed, the acceleration (i.e., second derivative) is also the same when
crossing one curve to the other..
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1o achicve €l contimuity at the joimme poimi the ratioroi thiel Cigthrois thcHast
leg of the finst cunvel (T €., |pm = pm=1i)and thelcngtirothe st e olithe
second cunve (1.6, (gl = g0]) must be n/m.

Wihiere:
' degree ol cunve .
m : degree of curve C.
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Degree Elevation of a Bezier Curve:

we want to increase the degree of Bezier curve ton + 1
, so this curve will be defined by n + 2 control points.

New control points are computed by the following equation :
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Resulit:

As the degree increases and




Some Bezier@urves
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B-spline:

Definition:
B-Spline curve 1s a sequence of Bezier curves joining together to form B-
Spline curve.

in B-spline curve there are:

1- a set of control points, PO, P1, ..., Pn.

2-asetofknots U= {u0,ul,..,um},ul0<=u2 <=ul3 <=.. <= um
The ui's are called knots, the set U the knot vector, and the half-open
interval [ui, ui+1) the 1-th knot span.
If the knots are equally spaced, the knot vector or the knot sequence is
said uniform; otherwise, 1t 1s non-uniform.

3- a set of basis function these functions are defined as follows:
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KInds oft B=spline:

o

closed B-spline curves

To have the clamped effect, the first p+1 = 4 and the last 4 knots must be i1dentical.
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[mportant properics’ Ol BASIS SUmMCHomn:

1- NI,p(u) is a degree p polynomial in u
2- NI,p(u) is non-negative.

3- Basis function Ni,p(u) 1s a composite curve.
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Important properties of B-spline:

1- B-spline curve C(u) 1s a piecewise curve with each component a curve
of degree p.

2-m =n + p + 1 must be satisfied. for example ( p=3, n+1=5)
U={0,0,0,0,0.5,1,1,1,1} ; m=8

3- Clamped B-spline curve C(u) passes through the two end control points
PO and Pn.
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Knot Insertion :

The meaning of knot insertion is adding a new knot into the existing knot
. To satisfy the

vector
fundamental equality m=n+p + 1

The new set of control points are computed by the following equation:
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The Advantage of Using B-spline Curves:

, a B-spline curve can be a Bézier curve.

, B-spline curves satisfy all important properties that
Bézier curves have.

, B-spline curves provide more control flexibility than Bézier
curves can do.

For example, the degree of a B-spline curve 1s separated from the
number of control points.

, We can change the position of a control point without
globally changing the shape of the whole curve (local modification
property).

, there are other techniques for designing and editing the shape
of a curve such as changing knots.
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Non uniform rational B-spline: (NURBS)

A parametric curve in homogeneous form 1s referred to as a
rational curve.

This kind of curve 1s defined by the following equation:
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The point in Homogeneous coordinate has the following form:
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Important properties:

1- If all weights are equal to 1, a NURBS curve reduces to a B-spline
curve.

2- NURBS Curves are Rational.

Special case:

[f any point has zero weight then it will be 1gnored.



